We developed a gas-chromatographic procedure for the simultaneous determination of ethylene glycol (EG) 8, 9] or by direct injection of diluted [10] [11] [12] or deproteinized serum
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Although EG poisoning is rare, its consequence can be fatal without prompt diagnosis and treatment.
The initial effects of EG are those of depression of the central nervous system, nausea, and vomiting, followed in severe cases by coma and convulsions.
Renal and cardiopulmonary failure may occur within 24-72 h [1] . A prominent feature of EG poisoning is profound metabolic acidosis, a consequence of metabolism of EG to glycolic, glyoxalic, and oxalic acids [4, 5] . These acid metabolites, rather than EG, are responsible for much of the toxicity of EG ingestion [4] [5] [6] . Thus, therapy for EG intoxication includes the administration of ethanol to block the metabolism of EG; in severe cases (e.g., serum EG >500 mg/L; persistent acidemia; shock), hemodialysis may be necessary to remove EG and its metabolites or to support renal function [1] .
Glycolic acid (GA) is the most prominent EG metabolite [4, 5] . Indeed, the serum concentration of GA correlates more closely with clinical symptoms and mortality than does the concentration of EG [6] . Moreover, because of the rapid metabolism of EG (t112 -=3 h), it may be low or undetectable in serum at a time when GA remains high [6, 7] . Therefore, measurement of GA, in addition to EG, should provide better information for patient diagnosis and therapeutic management. The preferred method for determination of EG is gas chromatography, either as the phenylboronate derivative [8, 9] or by direct injection of diluted [10] [11] [12] or deproteinized serum [13] or blood [14] . The GC method based on phenylboronation is rapid, precise, and accurate and has a low limit of detection;
when the analysis is performed with a commonly used capillary column, itis free from known interferences [15] . Methods based on direct injection are also rapid but generally have a somewhat
higher limit of detection [10] , may require a dedicated column [10, 11] , and may be prone to peak tailingand carryover [10, 12] and serious interference from endogenous substances [16] .
The enzymatic determination
of EG with use of glycerol dehydrogenase has been reported [17] [18] [19] [20] [21] , but such methods 
Materials and Methods

INSTRUMENTATION
A Hewlett-Packard (Palo Alto, CA) Model 5790A GC equipped with a flame ionization detector and a fused-silica capillary column [25 m X 0.2 mm (i.d.), 0.33-sm film thickness, crosslinked 5% phenylmethyl siliconj was used for analysis. Injector port and detector temperatures were set at 250 #{176}C and 300 #{176}C, respectively.
Oven temperature was programmed from 90 #{176}C for 3 mm, increasing to 170#{176}C at 15 #{176}C/min. Helium carrier gas flow rate was 2.0 mL/min.
Sample injections were made in a 1:20 split ratio. Peak areas were used for quantification. to BSA (70 gIL in saline) to provide the desired concentrations.
Controls
were stored in aliquots at -20 #{176}C. The internal standard (IS), 3-bromo-l-propanol, was prepared at a concentration of 500 mg/L in acetonitrile.
PROCEDURE
In our method, 100 j.tL of patient's serum, control, or calibrator is mixed with 200 .tL of the IS in acetonitrile to precipitate proteins. After centrifugation at I 400g for 3 mm, 100 ML of the supernate is mixed with 500 ML of a mixture of DMP:DMF: acetic acid (78:20:2, by vol.; prepared fresh). After 5 mm at room temperature, the volume of this mixture is reduced to <100 ML (but not to dryness) by heating at 60 #{176}C under a gentle nitrogen stream for 12-15 mm. To the residue we add 80 ML of BSTFAJTMCS solution, then inject 1 ML of this derivatized sample into the GC without heating or incubation. Figure 1 shows chromatogralns for a serum blank and for a serum specimen to which EG, GA, propylene glycol, and IS were added. Chromatography time is -8 mm per injection.
Results
CHROMATOGRAPHY
Most of the early eluting material (retention time <4 mm) is from reagents and not from serum components.
Late-eluting compounds remained on the column and did not interfere even after 18 [6, 7] . Knowledge of the EG and GA concentrations should be useful both for initial diagnosis and for decisions on the need for hemodialysis and the duration of ethanol infusion.
Discussion
The acceptable performance of this method depended on optimnization of the reaction conditions, as follows. Proline-2TMS' Serine-3TMS#{176}
Hydroxyproline.2TMSb
Cholesterol Acetaminophen [37] . Acidification to pH <6 was necessary for a rapid reaction between DMP and water. Thus, we added glacial acetic acid, 2%, to the DMP/DMF mixture. Methanol generated by the reaction of DMP and water also reacts with TMS denivatizing reagents and therefore must be removed by evaporation. Although methanol is more volatile than water, evaporation of the mixture to dryness after DMP reaction, even at 40 #{176}C under a gentle nitrogen stream, resulted in a substantial loss of EG. To effectively remove methanol without loss of EG, we used DMF as a trapping solvent. The boiling point of DMF is at least 70 #{176}C higher than that of methanol, acetone, and DMP, but is >45 #{176}C lower than that of EG and the IS. Under assay protocol, the mixture volume was reduced to -100 ML in <10 mm, but we heated for a total of 12-15 mm to remove any residual trapped methanol. The final volume should not be reduced to <20 ML, to avoid loss of EG.
5-Aminosalicylic acid
Trimethylsilylation. Reaction of EG, GA, and the IS with BSTFA and TMCS is very rapid and does not require heating or incubation.
TMS derivatives of EG, GA, and IS, in the presence of excess reagent and closed to the atmosphere, are stable for at least 8 h at room temperature and 4 days when stored at 4-8#{176}C. We also examined other reagents for trimethylsilylation. N-Methyl-N-tnimethylsilyltnifluoroacetamide reacted very rapidly but resulted in 4-7% carryover ("capillary memory") for GA (400-5000 mg/L). BSTFA without TMCS reacted slowly with GA and required a 30-mm incubation at 60 #{176}C. Some carryover for GA (-=2% at 5000 mg/L) was also observed with BSTFA in the absence of TMCS.
Selection of IS.
Selection of a suitable IS proved somewhat problematic.
Propylene glycol and 2,3-butanediol are not suitable because the former is present in some medications and the latter may be present in serum from alcoholics [25] . Other diols or hydroxy acids tested either interfered with the analytes or eluted close to endogenous compounds or drugs; this list includes 1,3-propanediol, 3-fluoro-1,2 -propanediol, 2-hydroxyisobutyric acid, 1,2-butanediol, 1,3-butanediol, 1,4-butanediol, 2-methyl-i ,3-propanediol, 2-methylene-1,3-propanediol, 2-butene-1,4-diol, 4-hydroxybutynic acid, and cis-1,2-cyclopentanediol (see Table 2 ). 3-Hydroxypropionic acid would be a suitable choice, but we were unable to find a current commercial source. We selected 3-bromo-1-propanol as the IS on the basis of its chromatographic properties and high and consistent absolute recovery (89%) from serum.
In conclusion, this method allows for rapid and precise simultaneous quantification of EG and GA in serum with a basic GC and a commonly used capillary column. This method requires only 100 ML of serum, is free from known interference, and has a dynamic measurement range sufficient to avoid the potential need for sample dilution in cases of EG intoxication.
The entire assay procedure, including calibrators and controls, may be completed in <2 h.
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